A study of curvilinear flight by Kruse, Helmuth
.( :s Vashinton 
April, 1931 TUA1 ,Y1SutY C 
J124 i rt1!, IJ. 
iC.
Llj	 : 
TECENI CAL MMORATDTJMS 
NATIONAL ADVISORY O0I2ITTEE FOR AERONAUTICS 
:'. 615 
A STUDY OF OL?VILI1TEAR FLm:-1T 
By :-liuth Kruse 
Zeitschr±ft fr F1uteohnik unci Motorluftschif±'ahrt 
January 28, 1931, VOiri 22,	 . 2 
Verlag von R. Oldenhourg, Munchen und Berlin 
1 HI OflCIJMN ON WAt FROM !1-4	 OF 
NA1OAL J9"CPY	 i€ fO AFOAlS 
https://ntrs.nasa.gov/search.jsp?R=19930094801 2020-06-17T00:28:52+00:00Z
!ATIONAL ADVISORY COI'ifliITTEE FOR AERONAUTICS 
TECHNICAL MEMORANDUM NO. 615 
ASTUDY OF CURVILINEAR FL.IGHT* 
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N o t a •t 1 o n 
a0
 = angle of attack, 
a0 0
 = angle of attack for zero lift, 
= angle of aileron setting, 
lift coefficient, 
= coefficient of normal force, 
= drag coefficient, 
= coefficient of rolling moment, 
i/o = lift gradient 
11° = ' g±adient of normal force, 
d/t -	 = profile thickness, 
b (ri)	 = span, 
t (m)	 = chord,	 : 
h (m)	 = gap, 
1.. (m)
	 = ingth of one aileron, 
F (m 2 ) = wing area, 
FQ (m 2 ) = aileron area, 
I (rnkg s2 ) = inertia moment about vertical axis. 
* Il ufltersuchung des Kurvenfluges," from Zeitschrif.t für Flugtechnik 
und iotorluftschiffa*rt, Jan. 28, 1931, Vol. 22, No. 2, Verlag 
von R. Oldenbourg, Munchen und. Berlin.
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Mr (mkg)	 rolling moment due to aileron seting, 
D (mkg)	 = damping moment, 
i	 (°)	 = inclination (bank), 
v (m/s)	 = wind velocity, 
q (kg/m2 ) = dynamic. preO sure, 
w (us)	 = angular speed of rotation, 
(1/s e )	 angular speed , of .aQCeleration,. 
T (s)	 = time	 •, 
When an airplane describes a Ourve it takes a certain time 
for it to turn from level to inclined position and then back to 
level again. In the following, we express the motion about the 
horizontal axis as ro1lt1 or bankU and the motion perpendicu-
lar to the vertical axis, i.e., the.adtual cuvè, as turn." 
The moment of wa1-I is 
=	 b2 t q = I
	
- D,	 (i) 
with coefficient of rolling moment Cinr dependent on aileron 
setting	 . Therefrom follows the time required to attain a 
certain inclined position by given angular velocity* as 
	
-	 121 
	
TR -	 ln 
2g	 da'	 vk cia 
12 Cmr 
with k = -s----.	 0	 ' 	 0 
"The' Span as Underlying Basis in Airplane Design," 
Zeitschrift fur Flugtechnik und . otor1uftsc'hiffahrt, 1928, pp. 
198-208.
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Lachmann then assigns to each inclined position produced by 
a rotation t certain angular velocity a portion of the turn in 
the horizontal plane, and deduces the time of turn through an 
angle. of 900 and 180°, respcctively Hereby it is assumed that 
the inclined position has reached its maximum after a 90° turn. 
According to Lachmann, the time f' a 1800 turn is 
Tw =	 arc	 (3) 
With these two equations (1) nd (2), we can now determine 
the speed and time of roll and the time of turn. Et the method 
presents one difficulty when defining rolling moment M1 , or 
its coefficient °rn• Accordiiig to Lachmann, Cmr is assumed 
or estimated from wind-tunnel data. But in estimating, we ven-
ture into a very dubious field. In order to arrive at an approx-
imation f the actual figures, it would necesitate a great 
amount of experimental test data on wings of many different pro-
files with different aileron settings 'ahcl "aileron area/total 
wing area" ratio, whici *e, however lack. 
So we shall endeavor to thteipret °m mathematically from 
Wieselsberger and ' Asano"s report, "Determination of Aerodynamic 
Forces and Mornent Induced by the Ailero±is of a Wthg,tt Zeit-
cchrift fiFlugtechnik und Motorluftschiffahrt, 1928, pp. 289-293. 
Even then it calls for the aerodynamically effecbive ángleof at-
tack of the wing section with.dbf.le.cted aileron: a +	 and
a - a, respectively,. which must be defined by calculation or
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wind-tunnel experiments. Then the curve 0a =f(a) represents 
a series of almost parallel lines for a profile with different 
dca aileron settings (Fig. 1). So long.
 an the lift gradient
	
- is 
constant, they nay 'cc considered as parallel. At settings of 
> ± 150 we encounter deviations which are attributable to th 
breakaway of the flow; 
On the premises of various oxperimeiits, Toussaint* evaluates 
the lift of a profile with. aileron setting at 
A .(	 +	 +. rn )	 (4) 
,where	 OO8_'(1 + c) X 
K2b2, 
F' 
being liunk's value for biplane calculation slightly 
modified by Toussaint. Value € is dependent only. oi the profile 
thickness, and Toussaint s formula 
applicable only when d/t < 0.13. 
lift gradient. Toussaint.'s notati 
(4) may be seen in Figure 2 ., with 
lift. A glance at Figure 1, which
(1 + c) = (1±
	 is 
Factor A. thus indicates the 
n of the anrçles in equation 
(ct 1
 +) as angle for zero 
exhibits Wieseisberger's meth-
od, reveals that angle
	 and Toussaint's . m
	 are identical. 
According to Toussaint, the co±'ficient in is: 
ri = lUG - O.005	 (s) 
*Tousnain-t ., "LAviation aotuefle,.tl 1928, Librairie F6lix Alcan, 
Par i S.
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where	 m0 = f(i - 0.215 a)	 (6) 
F 
FQ being the sum of the aileron areas and F the total wing 
area inclusive of' ailerons. Corseuently, 
= m =	
[	
(i_ O.21	 )	 0.005	 (7) 
Applied to the Hinke1 HD 35 it:'yields: 
FQ = 3.5 m2 , F= 32.,4 m2 and	 =0.1082 
= 3 (0.409 - 0.005 ). 
Toussaint then adduces an empirical value for m0 which is 
stated to he better suited to wings with cut-oUt section and 
less aileron area: 
•	 in0 = 1.04f= 0.343 (in our example)	 .	 (8) 
where the amount for m0 is now slightly below that revealed 
by equatio (6). Lastly, a Q becomes 
•	 =	 (0.343 - 0.005 ). 
Jith the curve	 Ca = f' (	 +	 ) is also known, for 
we assumed the, lift gradient to be constant for all light curves
with aileron settings. 
Wieselsberger specifies the rolling ioinent as 
= q b3
	
(9) 
where	 is contingent on the ratio of twice the length of the 
aIlerons to the span and on the nondimensional pareter 
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p± The value can he.determined from a set of curves* 
so that the rolling moment can now be calculated. The applica-
tion of (1) to (9) yields the coefficient of rolling moment 
cr	 (io) 
Example 
t'Iith b 0
 = 11.00 in	 t= 1.55 ru	 = 3.02 rn 
	
b = 9.85m . t=1.55m	 iu=2.44m 
for the Heinie1 HD 35 biplane, we have 
= 5.22	 0 = 2.42	 p =5.53, 
and consequently, 	 0.08. Hence, 
cmr = 0.538 
=	 (0.343 - 0.005 ) 
k	 =1.15 c 
"IT 
Ta1e I embraces the data for coefficient of rolling moment 
cmr at various aileron settings -.nd the auxiliary quantity k 
as graphed on Figure 3. 
Now we interpret w = f (TR) from equation (2) and at the 
same time deduce the effect of the inertia moment about the lan-
gitudinal axis. To this end we extend the calculation to two 
different inertia moments but with identical wing dimensions. 
It is assumed that one inertia moment is 25% greater than the 
other. An estimate reveals I = 340 and 12 = 425 mkg/s2 
The aerodynamic coefficients concedèthe lift gradient and the 
*S. Wiese.lsberger, Zeitschrift f'r Flugtechnik uncl Motorluftschif-
fahrt, 1928, p. 291, Figure 5.
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normal force gradient at 
den	 d.c-1 
- = 0.0639 and -i- = 4.0, 
da°	 d.c. 
as illustrated in Figure 4, where Ca, 0, and c	 are H. MLller's 
data (Luftfahrtforschung V, 1) on the Heinkel HP 35, plotted 
against o-. The flight speed is assumed at V = 108 km/h, and 
the calculation is to IDe made for three aileron settings, namely, 
= 20 ,
 8°, and. 10.
For B=2° 
Table I shows k = 0.00719, and. equation (2) yields for 
I and 12 
TR = 0.700 log 1 - l86
	
and TR = 0.875 log - 18.6 w 
In the same manner we obtain: 
For 
k = 0.0259, and. 
TR	 0.700 log	
1	 and T = 0.875 log	 1 
1	 1-5.15w	 R2	 1-5.15w 
and.
For B=16° 
k = 0.0455, and. 
TR = 0.700 log 1 - 993
	
and TR	 0.875 log 1 - 2.93
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TABLE I 
B° 0.0053 m
-
k 
2 0.01 - 0.333 0.666 0.01162 0.00625 0.00719 
4 0.02 0.323 1.292 0.02255 0.01213 0.01397 
8 0.04 0.303 2.424 0.04225 0.02256 0.02594 
12 0.06 0.283 3.396 0.0591 0.0318 0.0366 
16 . 0.08 0.263 .4.208 0.0734 0.0395 0.0455 
20 0.1 0.243 4.86 0.0848 0.0456 0.0525 
(Oompare Figure 3) 
The evaluation is carried through in Tables II-IV, and graph-
ically shown in Figure 5, where the effect of the inertia moment 
is plotted against the angle and the speed of roll. Now it is 
apparent that w = ±' (TR) is asymptotic in its course toward 
T = , as may be deduced from equation (2); because at maximum 
agu1ar. velocity we obtain log	 that Is, T = . . According-
ly, w must become practically constant within a certain inter-
val, and the calculation revealed this time to be the same for 
'all three aileron settings namely, TR = 1.61 sec. Here it is 
assumed thac the angular velocity is uniform when it reaches 
99.5% of its maxinlurn.
TABLE II 
l8.6
1-18.6w
T1 T2 
______ 
0.02 1.148 0.372 0.628	 1.595 . 0.2027 0.142 0.163 0.177 0.203 
0.04 2.295 0.744 0.256	 3.91 0.5021 0.414 0.949 0.518 1.187 
0.05 2.863 0.93 0.07	 14.3 1.1553 0.809 2.31 1.01 2.89 
0.052. 2.98 0.9670.0331 30.32 1.4817 1.039 3.09 
4.94
1.296 3.86 
6.16 0.0545 3.065 0.995 O.0062OO 2.501 1.61 2.012 0.0538 3.08 1.0 0
By virtue of the form of equation (2) the re$uits for the 
three aileron settings can now be generalized, and we proceed 
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to define the effect of the angular velocity - when becoming 
constant - on the angle of roll. As previously stated, the con-
ditions are identical for all aileron settings, so we cite. but 
one example.	 .	 . 
According to Figure 3, the angle of roll is p. =, 17.829 
after 1.61 , that is after entry of the uniform angular veloc-
ity of 0.1931(1/c), with a
	 = 8° aileron setting. Now,. sup-. 
posing the airplane had turned at the outset with a maximum an-
gular velocity w = 0.1941 without any acceleration;. then it 
would have described an angle M = 17.9°. This mean, that to 
disregard the angular acceleration, constitutes an error.of the 
order of
	 0.45%, which is very small and becomes still 
smaller by increasing the time of roll, but greater as theime 
of roll decreases. It must, have attained its iiiaxiniu.i as s Poon as' 
the motion begins; it is, for example,
	 S 
p. 
= 0.366-0.0377 100
	 90% 
after 0.0329 s, although it seldom is a question of time. inter-
vals which are much lower than pne or two seconds. Ve can safely 
ignore any values below that of the period of acceleration and, 
at that, the error becomes- so small that it may be disregarded. 
Moreover, even a 90% error would hardly become significant, be-
cause the period of its validity is very restricted. It is abso-
lutely immaterial whether the distance is covered in•0.03 s or 
in 0.06 8.
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TLBLE III 
w	 1 uP/s 1 5.15W 1_5.1J)ft-'isj
log T1 L1 T2 
0.02 1.148 0.103 0.897 1.115 0.047 0.0329 0.0377 0.0411 0.0472 
0.06 3.44 0.309 0.691 1.45 0.1614 0.1129 0.388 0.141, 0.485 
0.1 5.73 0.515 0.485 2,065 0.3149 0.22 1.•26 0.275' 1.576 
0.15 8.6 0.772 0.228 4,39 .0.,6'4 0.449 .3.85 0.561 . 4,840 
0.16 9.16 0.822 0.178 5.62 0.7497 0525 4.8 0.655 6.0 
0.19 10.9 0.98 0,02 50 .: 1.6989 1.188 .12,95 1.483 . 16,2 
0.1931 11.07 0.995 0.005 .200 2.301 1.61 17.82 2.012 22.23 
0.194 11.11 09986 0,001 750: 2.875 .2.012 ?2.33 
0.1941 11.12 1.0 0 ____- ________ ___ -____ 
TABLEIV	 :. 
uP/s 2.93W 1-293 .	 T
. i_T2 
0.02 1.148 0.0586 0.9414 . 1.Q62 Q.026l 0.Oi83 0.0209j 0.023 0.026 
0.06 3.44 0,176 0.824 1.217 0.0853 0.0598 0.205 0.075 0.254 
0.1 5.73 0.293 0.707 . 1.418 0.1516' 0.1030 0.608 0.132 0.76 
015 8.6 0.439 0,561 1.784 0.2514 0.176 1.515 0.22 1.895 
0.2 11.46 0.586 0.413 .	 2e42210.38 .. 4.2 0269 3.08 0.335 
0.3 17.9 0.879 0.121 8.27 0.9175 0.641 1L03 0.801 13.78 
0.33 18.9 0.966 0.034: 29.43 .1.02 19.4, . 1.2.85.. 24.3 
0.336 19.27 0.985 0.015 66.7
146.88....
1.824 1.28 24.65 1.55 29.8 
0.339 19.45 0.995 0.005 200	 ..	 . 2.301 .1,61 .. 31.3 s. .2.012 31.1 
0.341 19.55 1.0 0 ______ _____ ______ ______ ______ _______
Now, we try to as .certair whether. the uniformity in angular 
velocity can 'be attained in the same time interval for other 
fiight speeds.. 
For	 =8° and k=0.02594, we have 
_21 __ 1 ___ T__log .	 -. 
1 - 154.3
V 
The evaluation is appended in Taole V and diagrammatically 
showi. in Figure 6, with the effec.t of flight speed against the 
angular velocity and angular acceleration. ' It is seen that the 
duration of the angular accelerations diminishes as the flgh 
speed increases. 
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Table VI records the time intervals up to attainment of 
constant angular velocity for various flight speeds, aloig with 
the angle of roll attained in this interval. It is seen that 
the same angle of i'oll is attained for all flight speeds at en-
try of uniform angular velocity.: ::' 
The effect of the inertia moment is of a special kind.' The 
inference from (2) is that the angular velocity becomes quickly 
coiistant as the inertia moment diminishes and the wing area in-
creases, 'or' more xplicit1y as 	 decreases. This is ascrib-
able to the greater damping in roll, whichostensibly. has a:mate_ 
rial effect as the wing area increases. '- primarily,. as. the:. span 
becomes greater.	 ,	 .	 ... '	 ,	 ... .	 . 
For illustration, we againuse the ai1eron',sti.ing' 	 =' 8'. 
Obviously, the effect of, the inertia momen las,s only: so long 
as acceleration prevails;,, once 'the uniforrn angular velocUy... 
made its appearance its role is ended. The duation'. of: t'e angu-
lar acceleration raises with the' inetia moment, as Figure 5 ' 
shows. After 2.01 seconds, a 25% greater inertia moment eveai 
the angular velocity constant (Tables IL-IV, and . .1g .  5) 'as 
against TR = 1.61 s with the original moment of inertia. This 
is a difference of tx TR = 25%. Consequently,' the' period of the 
angular acceleation' . increaSeS in :the seine measure,. as the inertia 
moment.	 '	 .	 " 
Upon termination of the acceleration, that is, after 2.01 s, 
the airplane has executed a turn of 22.23° with a 25% greater
12	 N.A.O.A. Technical Memorandum No. 615 
intia moment, whereas the original angle of roll is 22.330 
(Table iii).
	
ow the difference amounts to Lt = 0.45%. This 
discrepancy diminishes with increasing time or with increasing 
angle of roll and increases toward TR = 0 or 	 0. After 
T = 0.525 s,for instance, the difference is 
= 48-4.4 100 = 8.35% 
Again disregarding the very short time intervals (perfectly 
justifiedth this case also), the inertia moment may be neglected 
forthwith,.and the remaining problem is to prove that a change 
in inertia moment at small angle and time of roll exerts a great-
er effect than in the opposite case. 
The contention that small inertia moments about the longi-
tudinal axis are preferable for reasonC of greater maneuverabil-
ity, is erroneous, because the effect of this inertia moment on 
maneuverability is extreiieiy slight. Even under the most ad-
verse conditions, that is, small rate and angle of roll, the ef-
fect of a greater inertia moment still remains disappearingly 
small.. . 
The elimination of inertia moment and angular acceleration 
makes the calculation extremely simple. For I
	
we deduce 
WdCn k = -	 from equation (2), or
dc 
w=vk : T 	 (11)
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	 13 
1'•1 
El
'zj N
(C 
a) N (C C', i-i CO CO ,-i (C s-i N) CO 0) s-I (0 ç. 0) 0 0) (C (C If) ' Es N 
•
If) 
. .
'ia N) • N) . s\) • r_I . 00 0 0 0 0 0 0 0 0 0 0.0 0 . 0 a 0 . 0 . 0 . 0 0 
90) (C 
0) 9 0) 0 0 (C 
0 9 
• II ii • 0 3t> c 4 0 
N') Co II • II (C CO
0
N) 
•
0
' 'CO 
'
If)
c
I 0 if)
r-4•4 lo 
s-S s1. I-S s-S
0 
I-I 
CO tQ CVI t' 
r-S N) N If) N) a) 'ct' N) CO N) 0) (C N) a) 3tf) co 0) (C CVI (C 
0 CVI (C IX) 0 tj (C CQ N) N) , (C (C (0 
rrr-lr-1CQ99O OOOOO 
d •d d 0 0 000 0 0 0 0 0 0 
N CVI 0•) a) (0 tO 0 (0 0) (0 CO If) s-S CT) r1 N) I IC) s-I CO 10 CV^ El(C900)NN(C 99rrr-4r-1 
s-I i--I s-I C 0 0 000 0 0 0 00 0 
N N) N) N) (C (C 1-4 0) 0 • CVI • 0 
•
. N) (C 0 0 tO 0 0 tO
f-S II Iii. CVI 0 II H IN) 3I- (C II II 
N) N CT) Ito s- 0 N) N) 0 If) C') 
• . 
0
• 10 N) i I-S IC 
If) . (C Q 
s-I r-S 0 
r-4 s-S s-I r1 
(C (0 10 0) 0) i--S CVI CO (C N 0) s-I N) 0 N to th (C CVI N CVI If) CO C') (C a) ,-s (C 0) 0) s-I CVI 0) s-I s-I s-I 9 CO CO tO Il) 0 0 0 s-S r4 s-S s-4 
• 
o
• ( • 0 • 0 0 • 0 • 0 C C 99..2_0 4 
(C
• 
c
C 
0 0
C 
0
S 
0 
CO	 (C	 to El s-I 
S
(C 
S
•
S
C') 
S
0 
•
0) 
S
CO 
S
10 
C •
N) 
•
N) 
5
C)) 
Q
(VI C)) 
C 
C)) s-I s-S s-I i--S 0 0 0 0 0 0 0
a 
0 0 
0) s-I
. N) 0) 0 0 CVI 
• • 0 to (C 0 0 r-I C') • N) 
U Ii II Ii 0 0 N) 0 
8
II Iii t) I I 
N II tO 
tO to s-I i-I . 
tO 0 t 
If) (C
• 
0 ifl 0 I i--4,1 0 N) 
F-.4 F-I s-4 (C 
1 I 0 
0)
Fl
(0 (C 0) (C C') (0 N
s-I 
(C 0 s-490 tO CO r4 N OS Co If) 0) C'). If) a) C)) 0) r-4 tO 10 0) 0 co 0) 
•
i--s 
•
s-I 
3
i-4 
C
C)) 
S
CQ 
5
CVI 
0 3 
N)N0 
0 •
s-S 
5
s-I 
3
s-4 s-S 
S
C)) CO 
O 0 0 0 0 0 0 000 0 0 S 0 0 C 0 C 0 
N 
0) 
Co
IX) 
4 (C
,-4 
0)
to (C 
CVI
0) (C
(C 
rI 
0) CVI 
r4 s-999N) 
0 0 0 0 0 0 0 
(C (C) 
If) C41 
CO N (0
a a 
r-4OCC 000 
0 10 0 If) 0 (C 0 0 If) 0 11) 
_________ 
0 10 0 (VI C)) N) N) C41 S1 If) N) N) If)
N.A.C.A. Technical Memorandum No. 615 	 14 
Now we can compute the angular velocities for any flight 
speed and aileron setting (Table VII, Figs. 7 and 8). 
TABLE VI 
v	 20 25 30 35 40 45 50 
T	 .1.6 1,28	 . 1.067 0.912 0.799 0.71 0.639 
7.22 8.99 10.8 12.61 14.4 16.22 18.03 
1	 11.5 11.5 I	 11.5 11.5 11.5 11.5 11.5 
TABLE VII 
13	 2° - 40 8° 12°	 16 20° 
k=0.00719 0.01397 0.02594 0.0306	 0.0455 0.0525 
20 0.0359 O0698 O.127 0.183	 0.2275 0.2625 
25 0.0448 0.087. 0.1318 0.2283	 0.284 0.3275 
30 
35
0.0538 
0.0626
0.1045 
0.1218
0,1941 
02263
0.274	 0,341 
0.3195	 0.397
0.393 
0.458
cdrl 
40 0.0717 0,1395 0.259 0.3655	 0.4545 0.524 
45 0.0808 0.1568 029i6 0,411	 0.511 0.59 
50 0.0896 J 0.1743 0,324 0.457	 0.568 0.655 
TABLE VIII 
v 13=20	 40 80 12° 16° 2001 
20 400 26,9	 522 97 157 170 196.5 
25 625 42	 85 151.7 214 266 307 
30 900 60.5	 117.7 218.2 308 383 442 
35 1225 82.4	 160 297 419 520 600 H 
40 1600 107.8	 209 388 547 680 785 
45 2025 136.2	 234 491 693 860 993 
50 2500 168.5	 326 606 855 1065 1228 
V
1	
U) U) !	 lGWv	 .L° e°
T	 - T 
rn/s 2	 9	 = ( w i) arc s s 
TABLE IX -	 For	 13 = 2° 
20 0.0359 0.1149	 1.122	 0.892	 26.9 0.47 13.08 26.16 
30 0.0538 0.2582	 1.293	 0.773	 39.6 0.69 12.82 25.64 
40 0.0717 0,459	 1.582	 0.6325	 50.9 0.885 12.36 24.72 
50 0.0896 0.717	 2.05	 0.488	 61.0 1.062 11.86 23.72
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v 
rn/s
.	
I.L°	 [ 
-(i)-	 e°6	 eO1SW 2	 9	 T)
}L 
arc
T 
s
Tt 
s 
• TABLE X- For	 =4° 
20 0.0.G985 0.2234 1.25	 :	 0.8	 37 0.645 9.24 18.48 
30 0.1045 0.502 1.652	 0.605	 52.8 0.92 8.8 17.6. 
40 0.1395 0.893 2.44	 I	 0.41	 66 1.149 8.24 16.48 
45 0.1568 1.128 3.09	 0.324.	 71.5 1.243 7.94 15.88 
50 0.1743 1.395 4.03	 o•4•	 76 1.323 7.59 Jl5.18 
TABLE XI - For	 = 8° 
20 0.1297 0.4145 l.511 0.662	 48.8: 0.85 6.56 13.12 
25 0.1618 0.646 1.905 0.525	 57.3 1.018 6.3 12.6 
30 0.1941 0.9325 2.536 0.395	 67 1.165 6 12 
35 0.2263 1.268 3.543 0.282	 73.9 1.288 5.69 11.3 
40 0.259 1.659 5.15 0.1944	 97 1.378 5.31 10.6 
45 0.2916 2.1 8.13 0.123	 83 1.448 4.96 9.92 
50 0.324 2.594 1333 0.075	 85.8 1.498 4.61 9.22 
TABLE XII - For	 = 12° 
20 0.183 0.585 1.795 0.5575 56.2 0.98 5.35 10.7 
25 0.2283 0.913 2.49 0.402 66.6 1.16 5.075 10.15 
30 0.274 1.315 3.718 0.2695 74.5 1.30 4.74 9.48 
40 0.3655 2.34 10.35 I	 0.0966 84.6 1.475 4.03 8.O 
50 0.457 3.66 38.9 0.02573 85.7 1.495 3.27 6.54 
TABLE XIII - For	 = 16° 
20 0.2275 0.727 2.0? 0.483	 61.5 1.069 4.7 9.4. 
30 0.341 1.638 5.13 0.195	 78.9 1.37? 4.03 8.06 
40 0.454 2.902 18.2	 • 0.055	 87 1.516 3.34 6.68 
50 0.568 4.545 93.4 0.01072	 89.5 1.56 2.75 5.5 
I • TABLE XIV - For	 = 20° 
20 0.2625 0.84 2.315	 0.4352	 64.6 1.125 4.28 8.56 
30 
40
0.393 
0.524
1.888 
3.35
.6.59	 0.1SJ.9	 81.5 
28.5	 .	 0.03515	 88
1.42. 
1.538
3.61 
2.94
7.22 
5.88 
50 0.655 5.24 188.3	 0.00531	 89.7 l.568 2.39 4.78
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Equation (1) yields the rolling moments for these angular 
velocities
M - 10.76 c	 v2 
-R	 rn) 
This formula is interpreted in Table VIII, and the computed roll-
Ing moments graphed in Figure 9. 
The time intervals of the turns for a 1800 curve were cal-
culated from equation (3) and appended in Tables L-XIV, while 
Figure 10 represents the results graphically.
N.A.C.A. Technical LIeruiorandurn 11o. 615	 17 
Resume of the Results 
• 1) The time required to attain a uniform angular velocity 
is the same for any aileron setting; it dithinishes as the 
flight speed and the size of the wings increases and, to an in-
considerable extent, as the inerti'a:moment'.decreases, 
2). 'The. angu.lar acceleration may be.disregarded.' '' 
..3) The error, resulting the±efrom,. increâsês s the tinie 
of turi decreases; it is the same :for à,n aileron setting. 
•. : . : :4): By a certain aileron setting the saie.:añg1e of 1o11..:iC. 
attained for all peeds upon termiliation of the aiguix acceler-
ation.•	 .	 •	 .	 ........•	 •	 •.:'	 .. .	 • 
5) The period.of thel.angular acceleration raises in the 
same..meásure. as the inertia moment.	 . • .'•	 • .	 .•	 ..• 
6) A changed iner:tia moment is markedly more perceptible 
at •Cthallangle and time of ±oll than in the e.verse'cae, äl-
though the effect, is negligible. 	 .	 .	 •	 •.., 
7). The size of the inertia momen.has .p.r.aOtically nO efL. 
fect. on. the time of . turn.	 ..	 ... .	 : i	 . 
8) The noment of roll increases with.theaile±oñ setting 
and ..the flight speed.
	 .	 .	 • .. • ..; .......	 .. 
9) The angular velocity is directly proportional tbthe 
flight.speed and tothecoefficient ofroiling moment., •aridlin-
verséiy:roportio.na.l to the span and to the gradient of .the ñor-
mal . 'force.'	 .:	 •	 .	 . .	 '. .	 ...	 .	 .	 .•. 
10) The time required to complete a curve is inversely pro-
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portiona]. to the aileron setting and to the flight speed. 
Now we check the calculation by actual flight test. We re-
cord 'the tim,e 'of turn, the flight speed and aileron setting for 
each curve with the aileron setting indicator shown on Figure 
l.J..,' The :cl.ockwork of the recording drum was started electric-
ally from the observer t s seat 'and ran as long as the circuit re-
mained closed. .. The . deflection was transmitted by the aileron 
connecting strut to the recording. pen and recorded on thel drum 
which hada periphery of 226 nun andr.otated at the rate of one 
reolution per 183.8 seconds. Ey releasing the apparatus ' for 
the duration of one curve only we were able to record several 
curves on one diagram, which otherwise would have been impossi-
ble by the low rate of turn of the drum.. Aside from s]4ght os-
cillations called forth by very fast •alid abrupt '
 aileron deflec-
tions, the device proved very successful. 
A 1800 curve at different flight speeds and aileron deflec-
tions revealed 1) the aileron settings at which the curve was 
entered and abandoned; 2) the time rate from one zero position 
of the aileron to the other. This timereally should show the 
duration of the curve, but we stopped, at continuously increasing 
periods, because we took the time beginning at the horizontal 
and ending there, as in the calculation. 
This, however, does not mean. that at the end of the curve, 
or in other words,' when the aileron, setting is zero again, the 
airplane has regained its level position. For that reason the
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actual curve may last longer than the elapsed time between two 
zero positions recorded in the diagram. Of course, it is impos-
sible to stop exactly from one 1vel position to the next, be-
cause it is a comparatively difficult feat to define, after a 
curve, just when the airplane is level again. In this case we 
judged the level position by the horizon, which not only Is 
relatively easy but also yielded very satisfactory results. 
A curve was measured as' follows: Prior to entering a curve 
the pilot gives the signal for starting the deflection indicator 
thus ensuring the actual zero setting, that is, the position of 
the ailerons at which the airplane is level. It is of primary 
importance that the pilot execute the aileron deflections as 
quickly as possible because the calculation does not make any 
allowances for time consumed in making the deflection. 
The device had to be kept running after the curve was corn-
pleted to ensure the actual zero position. Then the circuit was 
interrupted and the pilot executed several abrupt aileron deflec-
tions, which in the diagrams appear as simple lines, by means 
of which it is possible to quickly distinguish the individual 
curves. In this manner as many as eight curves could be embod-
ied in one diagram. 
The charts show that the zero line drawn on the ground 
does not correspond to that of the test flight, which proves 
that there is a continuous aileron deflection in level, straight-
away flight. The device was mounted on the starboard strut, so
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that a deflection upward denotes the initiation of a roll to 
starboard; the airplane inclines to port. The mean aileron de-
flection required to neutralize this inclination amounted to 
approximately 1.50. 
The diagrams of Figures 12 to 15 are interpreted in Tables 
XV and XVI. 
No.
Aileron 
setting 
Curve	 in 0
Time	 Time 
Average according measured 
in 0	 to	 s 
diagram 
• 8 	 _______
Time 
calculated 
s 
______ 
TABLE XV 
Diagram 12.	 v =.1C)7 km/h = 33.5 rn/s 
1 starboard in 4? 6.9 11 12.8 12.7 
out 90 
2 port in 36 6.4 11.4 12.9 13.2 
out 9,2 
3 starboard in 4.7 6.6 10.6 12.1 12.9 
out 8.4 I 
4 port in 3.4 6.5 11.4 13.2 13.0 
out 9.6 
Diagram 13.	 V = l20-l27 km/h = 34.4 rn/s 
5 starboard in 3.8 6.6 9.3 9.7 12.8 
out 9.3 
6 starboard in 4.7 6.9 11.4 11.5 12.4 
out 9.0 
7 port in	 I 6 8.8 11.4 9.8 10.8 
out 11.6 
8 port in 3.5 5.8 11.7 12.1 13.9 
out 8.0 
Diagram 14.	 v = 143. km/h = 39.7 rn/s 
9 starboard in 8.4 9.5 8.5 9 9.5 
out 10.6 
10 starboard in 5.5 6.1 11 12.2 12.7 
out 6.7 
11 port in 7.8 9.7 10.2 10.4 9.3 
out 11.5 
12 port in 4.5 6.5 11.7 10.5 12.2 
out 8.4 I
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Aileron	 Time	 Time	 Time 
settiig Average according measured calculated 
No.	 Curve	 in 0	 in	 to 
diagram	 s	 s 
S 
TABLE XVI 
Diagram 14.	 v 127-129.5 km/h = 35.6 rn/s 
13 starboard	 in	 9. 9.5 9.4 9.9 10.2 
• out	 11 
14 starboard	 in	 5.4 6.5 11.3 11.1 12.7 
• out	 7.6 
15 port	 in	 7.2 9 8.9 9.2 10.5 
out	 10.7 
16 port	 in	 3.8 6.9 11.4 11.9 12.3 
10 
Diagram 15.	 v= 143 km/h = 39.7 rn/s 
17 starboard	 in	 11.1 11.3 8.3 8.5 8.4 
out	 11.4 
18 port	 I	 in	 7.6 10 8.8 9 9.1 
I	 outl	 12.3 I 
TABLE XVII 
Curve 1 2 3	 4 5 6 7	 •r 
ime measured s 12.8	 12.9 1 12.1	 13.2	 9.7 1 11.5 11.4	 12.1 
Time computed S 12.7	 13.2	 12.9	 13	 12.8 12.4 
7.3
10.8	 13.9 
5.6	 13 Difference	 % 0.8 2.3	 6.2	 1.5 ! 24.2 
TABLE XVII (cont.) ____ ____ ___ ____ 
Curve 9 10	 11	 12	 13	 14 15 16 17 18 
Time measured 
Time computed 
___ 
s 
s
9.0 
9.5
12.2 10.4 ll.7	 9.9 11.3 1 
12.7	 9.3 12.210.2 l2.7I10.5l2.3 i 8.4 
9,2111.9 8.59 
9.1 
Difference % 
_________________________
5.3 
_______
3.9 11.8	 4.1	 3	 11 
_______ _______ _______H _______ _______
'l2.4t 
_______
3.3 
_______
1.2 
______
1.1 
________
Table XVII incorporates the differences between the figures 
arrived at by calculation and in actual flight tests in per cent. 
Apart from curve 5, with a discrepancy of 24.2%, the agreement 
averages very satisfactorily. 
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The: theoretical figures are slightly higher than those of 
the test flight, which is due to the fact that the calculation 
makes no allowance for the resultant of the lifting forces which 
in inclined and incurve flight is no longer in the axis of sym-
metry but slightly outside of it. This aids the work of the 
ailerons; the airplane rolls more rapidly. The average discrep-
ancy is 6.6% for all 18 curves, according to Figure 18. 
A subsequent check by the method suggested by Kann and 
Salkowski yielded less satisfactory results. The discrepancy 
here amounted to nearly 8%,'but it should be remembered that 
steady circling flight, particularly at higher altitudes, is not 
very easy. 
Translation by J. Vanier, 
Na.tional Advisory Oonmtittee 
for Aeronautics.
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